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Inflammatory skin disorders such as psoriasis show a 
preferential epidermal infiltration of neutrophils and 
T lymphocytes. This observation raises a question as 
to which factors determine the appearance and com-
position of leukocyte tissue infiltrations. Previously. 
we described a low molecular mass calcium-binding 
protein (psoriasin, molecular mass 11,457 Da, pI 6.77) 
belonging to the 5100 family that is highly upregu-
lated in psoriatic keratinocytes and whose expression 
patterns implied a role in the inflammatory response. 
Here we report that human psoriasin is a potent and 
P soriasis is characterized by an epidermal infiltration of neutrophils and T lymphocytes, but the factors that determine the appearance and composition of this leukocyte tissue infiltration are unknown, although members of the CI and {3 chemokine subfamilies such as 
interleukin-8 (IL-8) (Paludan and Thestrup-Pedersen, 1992), mac-
rophage chemotactic and activating factor/monocyte chemotactic 
protein-1 (MCAF/ MCP-1) (Barker el ai, 1991), melanoma growth 
stimulatory activity/growth regulated oncogene (MGSA/ GRO) 
(Schroder et ai, 1990), and interferon-y-inducible protein 10 
(r-IP-10) (Enk and Katz, 1992a) have been detected in the epider-
miS. 
Psoriasin, also known as S100A7, is a newly described low 
molecular mass calcium-binding protein first detected in psoriatic 
unfractionated noncultured keratinocytes (Celis et ai, 1990; Madsen 
et ai, 1991; Hoffmann et ai, 1994). This protein belongs to the S100 
family and is composed of 101 amino acids with a molecular mass 
of11,457 Da and a pI of6.77 (Madsen el ai, 1991; Hoffi11ann et ai, 
1994; KHgman and Hilt, 1988) . The peptide sequence of psoriasin 
showed no significant similarity to any other proteins (Celis et ai, 
1990), and its biologic functions remain unknown. Here, we have 
examined the chemotactic function of recombinant human (rh) 
psoriasin in a 48-well chemotaxis assay Oinquan et ai, 1995a). The 
results demonstrate that rh psoriasin is a potent and selective 
chemotactic protein for CD4 + T lymphocytes and neutrophils ill 
vitro. Because psoriasin does not belong to either the a chemokine 
fumily (IL-8, i3-t1u·omboglobulin, platelet factor 4, GRO, ENA-78, 
and y- IP-l 0), or to the {3 chemokine subfamilies (macrophage 
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selective chemotactic inflammatory protein for 
CD4 + T lymphocytes and neutrophils at concentra-
tions of about 10-11 M. Psoriasin is not structurally 
related to the ex or the f3 chemokine subfamilies or to 
lymphotactin, a member of a newly described class of 
chemokines. Thus, we have observed a chemotactic 
protein outside the chemokine subfamilies that could 
be an important new inflammatory mediator. Key 
words: Chemotaxis/T ly"'plwcytes/ueutropltils/psoriasis/ 
S100 proteins. ] Invest Dermatol 107:5-10, 1996 
inflammatory protei.n- l (MIP-l), RANTES (regulated on activa-
tion, normal T expressed and secreted), macrophage chemotactic 
and activating factor , or 1-309) (Oppenheim et aI, 1991; Baggiolini 
el ai, 1994), or to Iyrnphotactin, a member of a newly described 
chemokine subfamily (Kelner et ai, 1994; Kelmedy et ai, 1995), our 
findings suggest that it may playa role i.n regulating migration ofT 
helper cells and neutrophils. 
MATERIALS AND METHODS 
Protein Synthesis The cDNA containing the coding sequence of human 
psoriasin (S2-QI OI) (Madsen el ai, 1991) was subcJoned into the Escherichia 
coli expression vector pT7-PL (Christensen et ai , 1991) so that the fusion 
protein is encoded with six histidines and a Factor Xa cleavage site (IEGR) 
immediately N-terminal to psoriasin. The fusion protein was purified and 
refolded on a NiH -NTA column (Hochuli et ai, 1987), digested with the 
restriction protease Factor Xa (Nagai and Th0gersen, 19B7), and purified 
first at pH 5 on an SP-Sepharose ca tion exchange column and finally on a 
Sephadex G25 column. Analysis by 2-dimensional gel electrophoresis (IEF 
and NEPHGE) revealed that a minor fraction of the recombinant human 
(rh) psoriasin co-migrated with the endogenously synthesized psoriasin, 
while a major part m igrated with a slightly mOre basic pl. No otller proteins 
were detected in the gels (pH ranging from 4 to 12 and apparent molecular 
masses from 8 to 250 kDa). N-Terminal sequencing revealed that each spot 
was heterogeneous with about BO% of the protein containing SIEGR 
attached to the N terminus. The rh u 2MRAP fusion protein was cleaved 
100% by Factor Xa (data not shown). The prote in concentrations of rh 
psoriasin and recombinant u 2 MRAP were determined with the Bio-Rad 
Protein Assay based on the m etllod of Bradford (Bradf()rd, 1976) . 
Leukocyte Chemotaxis Assay Human leukocytes and T lymphocyte 
subsets were freshly isolated from venous blood from healthy volunteers. 
The chemotaxis assay was performed in a 48-well micro-chamber teclmique 
as previously described Oinquan et ai, 1995a). The chemoattractants were 
diluted in RPM! 1640 containing 0.5% bovine serum albumin (BSA) and 
placed in the lower 25-j.Ll chamber. To determine leukocyte or T lympho-
cyte subset chemotaxis, cells were suspended in the above medium and 50 
j.Ll were placed in the upper chamber, which was sepa.rated from tile lower 
one by a polycarbonate , polyvinylpyrolidone-free filter (pore-size 5 j.Lm T 
lymphocytes, 3 j.Lm for neutrophil s, 8 j.Lm for monocytes). For T lynlpho-
cytes the filters were coated with type IV collagen. Cells were allowed to 
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Figurc 1. rh psoriasin h as chcmotactic activity for human T IYlTIphocytcs and ncutrophils. Migration of (a) human periphera l blood T 
lymphocytes (only one expcrinlcnt is shown of 14 perform ed), (b) neutrophils (one o ut of six experimen ts) and (c) monocytes (one ou t of six experiments) 
in response to stim ulation w ith rh psoriasin. T he data are given as m eans :!: SO for a representative experiment performed in triplica te. RANTES, rh IL-8, 
and rh MCP-l were used as positive contro l chemoattractants . Recombinant a , -macroglobulin receptor-associated protein (ra,ML~P) was used as a 
negative control chemoattractant. T he concentration-dependent responses of chemokines on leukocytes were dete rmined to be significant for T 
Iymphocytes/rh psoriasin (p < 0 .001) and neutrophils/rh psoriasin (p < 0 .001). Monocytes/rh psoriasin is not sta tistically significant (p > 0.05). All positive 
con trols (IL-8, RANTES , and MCP-l) were determined to be significant (all p < 0.001). All Icukocyteslw2 MRAP were determined to be not signifi cant 
(a ll p > 0.05). All P values refer to the specific drug concentrations where the optimal chemotactic activities have been fo und . 
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Figure 2. Migration of T lymphocytcs and ncutrophils toward rh 
psoriasin is chcmotactic. C heckerboard cell-migration analysi s of the T 
lymphocyte (a) and ncutrophil (b) migratory responsc toward recombinant 
human psoriasin. rh psoriasin was added to the lower wel.l s in concentrations 
fro m 10- 1 5 to 10- 9 M. T he experiment was then repeated each time 
increasing the concentration ofrh psoriasin (10 - 1 5 to 10 - 9 M) in the upper 
T Iymphocyte- or neutrophil-containing chemotaxis chamber. For simpli-
fication of sta ti stics, we only considered two columns in each chart: 10- 11 
M of rh psoriasin in either the bottom well or in the top we ll . T he difference 
in C I between these two conditions is stati stica ll y significant (I' < 0.0001). 
T he experiment overa ll demonstrated that the T Iymphocyte- or neutro-
phil-migratory respo nse to rh psoriasin is highl y dependent on a concen tra-
tion gradient of rh psori asin . It indicates that rh pso riasin is p redominantly 
chemotactic for T lymphocytes and neutrophils. Data are presented as C I 
and are based on triplicate determination of chemotaxis (11 = 2, respective-
ly) . 
migrate for 120 min fo r T lymphocytes, 45 min for neutroph.il s, and 90 nun 
for monocytes at 37°C in a humidifi ed, 5% CO 2 incubator. Cells attached 
to the lower surface of the fi lter were counted by measuring their area using 
a video camera on a microscope connected to a computer system for digital 
analysis and supported by software fo r objective dcterminiltion of chemo-
tactic migration. T he system counts all particles detected in each fi eld and 
meaSl11'es the area of each cou nted particle. A histogram was created w here 
the number of " particles" is arranged according to particle size. T he sm allest 
particles are disregilrded as "debris," w hereas the mean value gives the size 
of the area of individual cells. T his va lue is then used fo r ca lculiltions of the 
number of cells in the fie ld . T hereafter, the number of cell s in each field was 
calculated. Approximately 5'1., of th e T lymphocytes migrate spontaneously 
(MCMC), corresponding to between 8,600 and 15,000 cell s. T his number 
may vary from day to day , but varies min.imally w itlun the same day' s 
experiments. T he results arc expressed as a riltio between the number of 
migrating cell s in the sample lIerslls the control medium, which reflects 
spontaneous migration. T his ratio is referred to ilS chemotilctic index (CI) 
Oinquan el ai, 1995a). Cell migration in each we ll was m easl11'ed in three 
fie lds before the median va lue of ce ll area and number of migrating cell s w as 
estimated. In some cases, the nonadherent migrating T lymphocytes, w hich 
were suspending and lor depositing in the medium in the lower well of the 
chemotaxis chamber, were co llected and estimated unde r the light micro-
scope. 
F low Cytomctric Analysis of Migrating Cclls In this assay, T lym-
phocytes migrating toward rh psoriasin wi ll drop to the bottom of the lower 
well of the chemotaxis chamber due to the absence of collagen on the 
chemotaxis membrane (Larsen el ai, '1989). Consequentl y, T lymphocytes 
migrating in response to approximate ly 10- 11 M of rh psoriasin could be 
collected fro m the lower well ilfter migration. T he ceU suspensions were 
then d ivided in two portions that were labeled either with anti-human CD4 
01' CD8 mouse monoclonal antibodies, fo llowed by secondary labeling 
using a fluorescein isothiocyanate- conjugated rabbit an ti-mouse an tibody. 
T he migrati ng cell s were then labeled w ith R-phycoerythrin-conjugated 
mouse anti-human CD3 antibody and subjected to flow cytom etric analysis. 
Acqu isition and data ana lysis we re performed using a FACStar plus flow 
cytometer (Becton D ickinson , Franklin Lakes, NJ). A single laser system 
w ith a wavelength of 488 11m was used. Datil were stored in list mode fil es 
in the order: FLl (fluorescein isoth.i ocyanate) (either CD4 + or CD8 +) and 
FL 1 (R-phycoerythrin) (CD3 +). Ten tho usand cell s were assessed in each 
group. 
ImmunocytochclTIical Staining of Migrating Cclls Immunocyto-
chemica l staining was performed to determine the phenotype of migrating 
T lymphocytes ill silll o n collagen IV-coated membranes ilS described 
previously (Schall el ai, 1990) . T he primary antibodies used were DAKO-
CD4 and DAKO-CD8 (1:100 dilution) (DAKO a/s, Glostrup , Denmark). 
T he secondary antibody used was rabbit immunoglobulin horseradish 
pe roxidase (DAKO a/s, Denmark). The color was developed w ith 1% 
3,3'-diaminobenz idine and 30% perhydrol (H, 0 2) ' Hematoxylin was used 
fo r counting sta ining. 
VOL. 107. NO.1 JULY 1996 
CJ 
'J: 
CJ 
co: 
.... 
o 
E 
ill 
..c 
U 
.... 
o 
Z 
<I> 
ill 
o 
Q 
bIJ 
,9 
.... 
co: 
o 
U 
~ 
= ill bIJ 
co: 
:= 
o 
U 
I 
o 
x 
'" 00 00 
I 
o 
x 
'" 00 00 
I 
o 
x 
'" 00 00 
I 
o 
.... 
x 
'" 00 00 
I 
o 
x 
'" 00 
00 
I 
o 
.... 
x 
<'") 
00 
00 
I'-
00", 
..... 0 
_NN 
+1 +1 ;:::: ~ 
....... ....-4 N"'N 
a-NN 
00 00 
0"": 
N 
a-
a- o 
..... -
_N", 
+1 +1 ~ g 
....... l/") N .. ......: 
.... N ~ 
0 .... 
",i 0:-
co l() 
• ,.-< 
"'NI'-
+1 +I~. ~ 
("\, U") ,.... N 
~"""'N I'-a-
~.,..: 
.... 
1'-.00 
_a-N 
+1 +1 ~ ~ 
v 00 0-. . .....: 
u ') C"') ....... 
00 .... 
r-:....: 
00 
g .. ~ 
NNO\ 
+1 +1 ~ ~ 
Vlf")";"""; 
U'l0 .... 
0 ........... 
'" ,.... 
,n 
00 
q~ 
...... 00 .,..... 
+1 +1 ~ ~ 
0 ...... 0'.....: 
r-- a- -
.... a-
.,,;-
a-In 
~ .. lt') 
..... O\N O 
+1 +1 ::;; "" r")0\~ ..... 
........ 
a-.a-
00 
00 0 
o ~ 
....... 00 U'") 00 
+1 +1 ~ ~ 
OU")~O 
_ 00 
~ -N"'r-: 
.... 
a--
tt') ,...... . 
_N .... 
+1 +1 ~ ~ 
O\lf"Il"'--N 
,....a-N 
00 a-
N~ 
N 
00 .... 
-,..... 
.,..Noo 
+1 +1 l;;; l;;; 
ooo~......: 
Ol'-~ 
- I'-N"' r-: 
a-
In ~ 
_ a-• 
........ N 
+1 +1 ;:: ~ 
voco""": 
OON 
.... 0 
~r-: 
-
00 
v~ 
'" . 
-Noo 
+1 +1 ;:1; ~ 
C\O\oo"t"'i 
.... a-N 
a- 00 
"1 m 
N 
.nO 
o ~. 
~N~ 
+1 +1 r:: ~ 
..... O'\~......: 
'" 0_ I'- 0 
"":00 
oo~ 
.n ~. 
............ ('.1 
+1 +1 r:: ~ 
ON...c"",,: 0.,..-
0'\ .. 00 .. 
,.... .... 
.... 
00 
~ a-• 
0'\ ............ 
+1 +1 l;;; ~ 
..... 0 0 .. ,.....: 
.... "',.... 
00 0 
c5 
,... 
--.,.. 00 .", 
............ 000 
+1 +1 'n.. "" 
.- l() 0 ...... 
1'-_-
a- '" ~ 
PSOR.lASIN AND C HEMOTAX IS 7 
Statistical Methods We app lied the Student's t test when ana lyzing the 
results . A p va luc < 0.05 was considered significant. 
RESULTS 
rh Psoriasin Induces T Lymphocyte and Neutrophil Migra-
tion To test the chemotactic capacity of recombinant human 
psoriasin (rh psoriasin) for human leukocytes, we carried out a 
number of migration experiments with neutrophils, monocytes, 
and T lymphocytes isol ated from healthy donors. The results 
showed that T lymphocytes consistently responded to the stimula-
tion by rh psoriasin at concentrations around 10- 11 M (CI = 3.08 
± 0.39, MCMC = 10,212 ± 3,700 (mean ± SD); p < 0.001) (Fig 
1a). Higher (10 - 10M) or lower (10 - 12 M) concentrations of rh 
psoriasin had little or no reproducible effect on T lymphocyte 
migration , thus yielding a typical beJl-shaped chemotaxis dose-
response curve (Fig 1a). RANTES, which has been shown to be 
chemotactic for T lymphocytes (Schall e/ aI, 1990) , induced a 
similar migration activity, but at a mu ch higher concentration 
(approximately 10 - 8 M) (Fig 1a) . The rh psoriasin also exhibited 
significant chemotactic activity on neutrophils (CI = 3 .73 ± 0.92, 
MCMC = 8,140 ± 1,258; p < 0.001) (Fig 1b) at concentrations 
around 10 - 11 to 10- 10 M, but had no effect on monocytes (CI = 
1.40 ± 0.57, MCMC = 9,176 ± 2,590; p > 0.05) (Fig 1c) at 
concentrations ranging fr0111 10 - 1~ M to 10 - 9 M. Recombinant 
a 2-macroglobulin receptor associated protein (ra2MRAP) (Nykj;cr 
e/ aI, 1992), produced in E. coli and purified in a similar way to rh 
pSQliasin, exhib ited no chemotactic effect on leukocytes at concen-
trations ranging from 3 X 10 - 15 M to 3 X 10 - 8 M (Fig 1). To 
determine whether the chemotactic activities were indeed induced 
by rh psoriasin, we added various an tibodies to the rh psoriasin-
containing medium in the lower chamber (see legend to Fig 1). 
The chemotactic activ ity of rh psoriasin on T lymphocytes and 
neutrophi ls could be completely blocked by the addition of a 
neutralizing rabbit polyclonal anti-psoLiasi.tl antibody (see Fig 1a 
and b). The antibody was highly specific for psoriasi.tl as determi.tled 
by 2-dimensional gel (2-D) westem blotting of proteins extracted 
from normal differentiated human keratinocytes (results not 
shown). No effect on rh psoriasin-induced chemotaxis was ob-
served 111 the case of an isotype rabbit antibody against the un-
related protein IEF 5101 in the keratinocyte database (Celis e/ aI, 
1993; http: //biobase.dk/ cgi-bin/ celis) or a mouse monoclonal 
antibody specific for RANTES (data not shown). As expected, the 
anti-RANTES monoclonal antibody neutralized the T -lymphocyte 
chemotactic activity of RANTES, whereas the anti -psoriasin anti-
body did not (data not shown). 
We also tested the chemotactic activIty of purified native 
pSQLiasin (kindly provided by Dr. J ens Schroder, Kiel , Germany) for 
neutrophils and T lymphocytes. T he results showed that purified 
native psoriasi.tl at concentrations of about 10 - 11 M induced sim ilar 
chemota ctic migration of neutrophils and T lymphocytes (data not 
shown) . 
T Lymphocyte or Neutrophil Migration Towa.rd rh Psoria-
sin Is Chcn1.otactic Next, we examined to what degree the 
migratol'y response of T lymphocytes and neutrophils toward rh 
psoriasin was due to chemotaxis or chemokinesis by using the 
checkerboard assay (Zigmond and Hirsch, 1973). As shown in Fig 
2, addition of rh psoriasin excl usively to thc upper chamber induced 
no migratory response, whereas a gradual in crease in the concen-
tration gradient between the lower and upper chamber led to 
i.tlcreased migration of T lymphocytes (a) and neutrophils (b) 
toward the lower chamber. Maximal chemotactic migration for T 
lymphocytes and neutrophi.1s was observed when rh psoliasi.tl 
(approximately 10- 11 M) was added onl y to the lower chamber. 
Most of the C Is were below 1.0 due to the higher concentrations of 
psoriasin U1 the upper wells of the chemotaxis chamber, whjch 
caused a inhibition of the ra.ndom migration of the cells. According 
to these results, it can be concluded that migration of T lympho-
cytes and neutrophils toward rh psoriasin is chemotactic rather than 
chemokinetic. 
8 JINQUAN ET AL THE JOURNAL OF INVESTIGATIVE DER.MATOLOGY 
Figure :l. rh psoriasin induces CD4+ T-lym-
phocyte chemotaxis. Chemotactic activity of rh 
psoriasin on human CD4 + (a) and CDS + (b) en-
riched T-Iymphocyte subsets. Purified fresh T lym-
phocytes were separated into CD4 + - and CD8+-
enriched T -lymphocyte subsets by positive se lection 
using Dynabeads M-4S0 coated with anti-CD4 or 
anti-COB antibody. The data (means :!:: SO of 
triplicates) correspond to one representative exper-
iment of eight performed for CD4 + and four per-
formed for CDB+ T lymphocytes. The dose-re-
sponse eifects of chemokilles on T lymphocytes 
were determined to be significant for CD4 + T 
lymphocytes/rh psoriasin (p < 0.001), and to be not 
significant for CDS + T lymphocytes/rh psoriasin 
(p > 0.1), and to be significant for CD4 + or CDS + 
T lymphocytes/RANTES or MCP-1 (all p < 0.001), 
and to be not significant for CD4 + and CDS+ T 
lymphocytes/w2 MRAP (all p > 0.05). All p values 
refer to specific drug concentrations where the 
optimal chemotactic activities have been found . 
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Collagen IV Coating on Membrane Does Not Interfere with 
T Lymphocyte Migration Because collagen receptors ({31 in-
tegrins) are expressed on T lymphocytes (Dang et al, 1990), and 
because different cytokines may change the abilities of adhesion of 
migrating T lymphocytes to different substrates (Pilaro et al, 1990), 
the coating of collagen IV on the membranes could bias the results. 
To investigate the effect of collagen IV coating on T-lymphocyte 
chemotaxis, we carefully estimated the total number of migrating T 
lymphocytes under different circumstances (using collagen lV-
coated membrane or 110ncoated membranes). The total number of 
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Figure 4. rh psoriasin selectively attracts CD4+ T lymphocytes. 
Double-color flow cytometl;c Hmdysis of the distribution of CD4 + and 
CD8+ T lymphocytes migrating toward rh psoriasin. Ninety nine percent of 
T lymphocytes migrating toward rh psoriasin expressed CD4 antigen (a), 
whereas 1B% of the T lymphocytes migrating toward rh psoriasin corre-
sponded to CDS + T lymphocytes (b). (c) and (tI) show the distribution of the 
migrating CD4 + (46%) and CDB+ (36"1<.) T lymphocytes in the control 
medium. Data are shown from a single experiment. which is a representa-
tive of four similar experiments. 
migrating T lymphocytes includes two fractions: adherent cells 
(cells sticking on the membrane) and nonadherent cells (cells 
suspending and/or depositing in the lower well of the chemota,.:i.s 
chamber). The results show (Table I) that there are no significant 
differences in either the total number of migrating T lymphocytes 
or in the Cl under different circumstances (presence or absence of 
collagen IV on membrane), but more adherent cells were observed 
on collagen IV -coated membranes. The results indicate that, in the 
case of rb psoriasin, the collagen IV coating on 111embranes does not 
interfere with the migration of T lymphocytes, although it en-
hanced the ability of T lymphocytes to stick on the membrane, 
thereby malung it easier to estimate the number of cells and to 
obtain a more accm'ate result. The noncoated membranes were 
used for monocyte and neutrophil chemotaxis experiments . 
rh Psoriasin Selectively Attracts CD4 + T Lymphocytes 
Because it has been reported that RANTES is a selective chemoat-
tractant for memory CD4 + T lymphocytes (Schall et ai, 1990), and 
lL-l0 is chemotactic for CDS+ T lymphocytes Oinquan el ai, 1993), 
we investigated further the chemotactic effects of rh psoriasin on 
subsets of T lymphocytes. T he CD4 + T lymphocyte subset exhib-
ited a significant chemotactic response (Cr = 3 .99 ± 0.22, 
MCMC = 9,694 ± 2,738 (mean ± SD); p < 0.001) toward rh 
psoriasin (Fig 3a), but not in the case of the CD8 + subset (CI = 
1.18 ± 0.52, MCMC = 11,026 ± 2,146; p > 0.1) (Fig 3b). In 
contrast, CD4 + and CDS+ T lymphocyte subsets responded to the 
stimulation of RANTES and MCP-l, respectively. To confirm 
these results. we analyzed the migrating T lymphocytes by flow 
cytometll'. As shown in Fig 4. migrating T lymphocytes toward rh 
psoriasin expressed predominantly the CD4 + phenotype, which 
corresponded to 99% of the cells (Fig 4a) , whereas only 18% of the 
migrating cells were CD8 positive (Fig 4b) indicating that th 
psoriasin predominantly attracted CD4 + subset, and the random 
migration of other subsets had therefore been prohibited by a 
competitive inhibition. In the control medium, where T lympho-
cytes migrated spontaneously, the distribution between the subsets 
was 46% CD4 + (Fig 4c) and 36% CDS + (Fig 4d). The phenotype 
of migrating T lymphocytes in sitll on the collagen IV-coated 
membranes was determined by immunocytochemical staining. Of 
200 counted T lymphocytes migrating toward rh psoriasil1, 84% 
(approximately 10 - 11 M) corresponded to CD4 + (Fig Sa), whereas 
only 8% expressed the CD8 antigen (Fig Sb) . 
DISCUSSION 
It has previously been shown that keratinocytes produce a wide 
range of proinflammatory cytokines and growth factors such as IL-l 
(Hamn1.erberg et ill, 1992), TNF (Sprecher and Becker, 1992), IL-6 
(Turks en et aI, 1992). IL-7 (Heufler et. ill , 1993), lL-S (Paludan and 
Thestrup-Pedersen, 1992), and IL-10 (Enk and Katz, 1992b), 
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which are considered to be major mediators in inflammatory 
processes. Complex interaction s between these factors may affect 
inflammatory responses in the skin. IL-S exhibits chemotactic 
activity toward CD4 + and CDS + T lymphocytes as well as 
neutrophils Oinquan et aI, 1993; Larsen et aI, 19S9), whereas 
RANTES and y-IP-10 selectively recruit and activate CD4+ T 
lymphocytes and monocytes, but not neutrophils (Schall e/ aI, 1990; 
Taub et aI , 1993a). Both MIP-1 a or {3 and GRO-a attract CD4 + 
and CDS + T lymphocytes (Taub e/ aI, 1993 b; ]inquan e/ aI, 1995b) , 
whereas human IL-10 stimulates only CDS + T-Iymphocyte che-
motactic migration Oinquan e/ aI, 1993). 
Given the preferential epidermal infiltration of n eutrophils and 
CD4 + T lymphocytes observed in psoriatic lesions, it was of 
interest to investigate the chemoattractant properties of psoriasin , a 
novel calcium-binding protein (Celis et aI, 1990; Madsen e/ ai, 1991; 
Hoffinan e/ aI, 1994) that is partially externalized to the culture 
m edium by psoriatic keratinocytes and whose expression patterns 
implied a role in the inflammatory response. Indeed, rh psoriasin 
exhibited strong chemotactic activity on C D4 + T lymphocytes and 
n eutrophils at much lower con centrations than RANTES and IL-S 
(Fig 1). Moreover, purified native psoriasin also showed a similar 
strong ch emotactic activity as the recombinant protein , suggestin g 
that this low molecular w eight protein may play an important role 
in the migration of neutrophils and T helper/m emory cell subsets 
into psoriatic inflammatory sites as well as sites of de layed hyper-
sensitivity. Considering that psoriasin is not related to any of the 
known chemokines and given its chemotactic activity, it seems 
reasonable to assume that a complex regulatory circuit exists among 
chemokines, both within and outside the a and the {3 chemokine 
families, with implications for the initiation , development, and 
control of inflammatory responses. R ecently, it has been shown 
that p soriasin is expressed by squamous cell carcinomas of the 
bladder (Celis e/ aI, 1996) indicating a more general role in the 
inflammatory response. 
One main concern of our studies was the fact that SO% of the rh 
psoriasin contained the extra sequence SIEGR at the N terminus 
w hereas the control recombinant protein a2Ml~P did not. At 
present, we cannot discard the possibility that the extra amino acids 
may affect the activity of the protein , although the overall results 
obtained with the native purified protein confirmed the specificity 
of the chemotactic activity. 
In addition to psoriasin , other small molecular weight proteins , 
highly upregulated in psoriatic epidermis (Celis et ai, 1990) , have 
been associated with the inflammatory response. For example the 
S100 proteins MRPs S (Calgranulin A) and 14 (Calgranulin B) are 
m ajor granulocyte and monocyte proteins that are re leased during 
activation of these cells and are highly over-expressed in chronic 
inflammatory diseases (Odink et aI, 19S7). In particular, MRP14 is 
considered to be a good m arker of disease activity in several 
inflammatory disorders such as rheumatoid arthritis (Longbottom e/ 
aI, 1992). In addition, MRPS, and MRP1 4 have been shown to be 
chemotactic for neutrophils in a mouse system (Lackmann e/ aI, 
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Figure 5. rh psoriasin selectively attracts CD4+ T 
lymphocytes. The immunocytochemical determina-
tion of the phenotype of migrating T lymphocytes 
toward rh psoriasin on the collagen IV-coated mem-
brane. The concentration of rh psoriasin was approxi-
mately 10- 11 M. (a) shows anti-CD4 antibody staining, 
and (b) is anti-CDS antibody staining. A, CD4 + T 
lymphocytes; B, CD4 - T lymphocytes; C, CDS + T 
lymphocytes; D, CDS - T lymphocytes; E, pore of 
chemotaxis membrane. Eighty- four percent of 200 
counted T lymphocytes migrating toward psoriasin 
were CD4 positive, whereas S% of200 counted migrat-
ing T lymphocytes were CDS + subsets. Data are shown 
from a single experiment, which is representative of 
three similar experim ents performed. Scale bar, 10 iLm 
1993; Lau et aI, 1995). Cystatin A, on the other hand, is widely 
distributed both intra- and extracellularly in various cells and tissue 
fluids during the development of inflammatory diseases (Freije et ai, 
1993). It is known to have not only regulatory functions in cellular 
protein catabolism, but also oth er biophysiologic functions against 
viral and/or bacterial infections (Kautinann e/ aI, 1993). 
Finally, it should be m entioned that the gene coding for psoriasin 
maps to chromosom e 1q21 (Be rglum et aI, 1996) together with 
several other genes coding for m embers of the S100 protein family, 
including S100, CaN1 9, S100E, m etastasin , S100D, calcyclin, 
MRPS, MRP14, and p11 (Kligman and Hilt, 19S5; Kawasaki and 
Kl'etsinger, 1994). Psoriasin is coregulated with MRP's Sand 14 
under some, but not all, physiologic conditions tested (Hoffinann e/ 
aI, 1994). So far, only Ca2 + (2 mM) and re tinoic acid (HoffillaJm et 
ai, 1994; Tavakkol e/ aI, 1994) have been shown to induce the 
synthesis of this protein in primary cultured keratinocytes, and no 
eHect has been observed with {3-fibroblast growth factor, trans-
fonning growth factor-a, insulin-like growth factor-II , TNF-a, 
TNF-{3, IL-1a, IL-1{3 , IL-2, IL-3, IL-6, IL-7, IL-S , interferon-a, 
interferon-{3, interferon-I', dibu tyryl-cAMP, dibu tyryl-cGMP, oka-
daic acid, or phorbol 12-myristate 13-acetate (results not shown; 
http: //biobase.dk/cgi-bin/ celis). Experiments are currently under-
way to pinpoint the signaling pathway(s) involved in its upregula-
tiOI1 in psoriatic keratinocytes as well as to search for a receptor for 
tills protein. 
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